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This paper brings new evidence on the impact of services liberalization on the performance of manufacturing firms. Using a unique database of Ukrainian firms in [2001] [2002] [2003] [2004] [2005] [2006] [2007] , the authors utilize an external push for liberalization in the services sector as a source of exogenous variation to identify the impact of services liberalization on total factor productivity (TFP) of manufacturing firms. This paper is a product of the Growth and Competitiveness Unit, World Bank Institute. It is part of a larger effort by the World Bank to provide open access to its research and make a contribution to development policy discussions around the world. Policy Research Working Papers are also posted on the Web at http://econ.worldbank.org. The authors may be contacted at oshepotylo@eerc.kiev.ua or Vakhitov@kse.org.ua.
The results indicate that a standard deviation increase in services liberalization is associated with a 9 percent increase in TFP. Allowing services liberalization to dynamically influence TFP through the investment channel leads to an even larger effect. The effect is robust to different estimation methods and to different subsamples of the data. In particular, it is more pronounced for domestic and small firms.
Introduction
In the 2000's, services sector in transition countries experienced rapid development due to major regulatory changes. Deregulation allowed new firms to enter the market resulting in rapid expansion of services as a share of GDP. The focus of this paper is on analyzing the impact of those changes on productivity of manufacturing firms. This question has recently received considerable attention due to the importance of services in the global economy and due to the ongoing debates on the Doha Agenda . The literature documents a positive effect of services deregulation on productivity of manufacturing firms in the Czech Republic (Arnold et al., 2011) and in Chile (Fernandes and Paunov, 2011) . Still, as pointed out by Francois and Hoekman (2010) , works that try to establish a causal link from services to increase in productivity are plagued with the endogeneity problem and with the problem of disentangling the effect of services liberalization reform from the effect of other reforms. We look at the episode of services liberalization in Ukraine in [2001] [2002] [2003] [2004] [2005] [2006] [2007] , which was isolated from other major deregulatory changes and was driven by political pressure imposed by trading partners as a precondition for the Ukrainian WTO accession.
We exploit rich data on Ukrainian manufacturing firms, which allows us to construct a firm-specific index of the services use intensity and interact it with sub-sector and timevarying indices of services liberalization provided by the European Bank for Reconstruction and Development (EBRD). We adopt the standard two-stage approach in the literature of estimating the effect of a policy change on productivity (Pavcnik, 2002; Javorcik, 2004; Amiti and Konings, 2007; Khandelwal and Topalova, 2011) . At the first stage, we estimate the production function using the Olley-Pakes methodology (Olley and Pakes, 1996) , controlling for demand shocks as suggested by De Loecker (2011), to extract total factor productivity (TFP) of manufacturing firms. At the second stage, we regress TFP on the firm-specific index of services liberalization, controlling for the firm-specific heterogeneity and market structure of manufacturing industries. As a new contribution, we also implement a onestage procedure of estimating the effect of the services liberalization on productivity, which takes into account a dynamic effect of liberalization on investment decisions and, as a result, on exit and entry of firms.
Using the standard method, we find that a standard deviation increase in our measure of services liberalization is associated with a 9 percent increase in productivity. The size of the effect is stronger then in previous studies, probably reflecting the fact that the Ukrainian services sector before the reform was less developed than in the Czech Republic and Chile.
The effect is stronger for domestic and small firms, which makes services liberalization a very useful tool for local policymakers interested in promoting growth of domestic small and medium enterprises. Allowing for the dynamic effect of services liberalization on current investment decisions and on future productivity further reinforces the effect of services liberalization on productivity in manufacturing industries. We also document the uniformly positive but heterogeneous in size impact of the reform across manufacturing industries.
We find that the effect of the reform is stronger for more aggregated data, reflecting the two sources of increase in productivity at the industry level. First, the reform increases within firm productivity as described in the previous paragraph. Second, the reform leads to exit of low productivity firms and induces entrance of new competitors due to the general equilibrium effect of liberalization (see Olley and Pakes, 1996; Melitz, 2003) , which further increases industry productivity.
The structure of the paper is as follows. Section 2 places this study within the existing literature. Section 3 describes progress of the services sector liberalization in Ukraine in [2001] [2002] [2003] [2004] [2005] [2006] [2007] and its impact on the services sector. Section 4 discusses data, methodology and results. Section 5 concludes.
Services liberalization and productivity in manufacturing
Competitiveness of manufacturing firms in open economy hinges on availability of low-cost, high-quality producer services (Francois and Hoekman, 2010) . Literature mentions several theoretical links from services liberalization to growth in productivity. Increased specialization of producer services leads to gains from trade in services due to increased variety and expanded markets (Markusen, 1989) . Lower price, better quality, and wider choice of services allow more complex organization of a manufacturing firm through further fragmentation of production activities. In turn, fragmentation of production requires support from internationally competitive transportation, communication, professional and financial services providers (Deardorff, 2001 ). Higher variety of services also generates knowledge, increase its diffusion and exchange (Burgess and Venables, 2004) . Outsourcing of services by productive firms in non-stagnant sectors results in more efficient factor allocation that expands output and production (Oulton, 2001 ).
Since services are often a 'margin' sector, characterized by network externalities, stringent regulations, and barriers to entry, the market power in services leads to loss in competitiveness of the economy as a whole and requires services deregulation. Such services as transportation, insurance, professional, or financial services play a very important role in determining the export competitiveness of manufacturing firms. In turn, expansion of exports due to lower price margins in services could increase productivity through economies of scale.
Importantly, trade liberalization without services liberalization lowers the competitiveness of domestic firms and causes their exit, which leads to negative employment dynamics in the short run (Francois and Hoekman, 2010) . Competition and further specialization in professional services could reduce transaction and contracting costs, which are quite substantial.
Lower transaction costs, in turn, encourage more outsourcing activities and arms-length trade (Williamson, 1973 ).
Mounting empirical evidence shows a positive impact of services deregulation on productivity in downstream manufacturing industries. Arnold et al. (2011) establish a positive link between TFP of manufacturing firms and liberalization of the services sector by analyzing the impact of liberalization of services on the performance of approximately ten thousand manufacturing firms in the Czech Republic in 1998-2003. The link is stronger for the firms that use services inputs more intensively. A standard deviation increase in the foreign presence in services is associated with a 3.8 percent increase in TFP. Fernandes and Paunov (2011) find that forward linkages from foreign direct investment in services to downstream manufacturing industries account for almost 5 percent of the observed increase in the Chilean manufacturing productivity growth. Deregulation and liberalization policies that increase competition among intermediate services providers are linked to increased export competitiveness for high-tech industries (Fink et al., 2005) .
Despite an unambiguously positive link between deregulation of services and manufacturing productivity, the endogeneity of services sector reforms makes it difficult to demonstrate that there is a direct causal effect of policy changes in services on productivity. For example, as pointed out by Francois and Hoekman (2010) , the liberalization of the services sector in Eastern Europe coincided with a broad range of reforms carried out as the prerequisite for the EU accession. As a result, it is very difficult to disentangle the effect of a particular reform that was a part of the broader reform package. With this regard, investigation of liberalization of services in Ukraine brings some advantages because the reform package was very limited and the effect of the EU integration was not present.
Services liberalization in Ukraine

Services sector in Ukraine
The services sector has been generally neglected under central planning (Ofer, 1973) . Overemphasis on the accelerated development of the producer goods industry, as the main driver of economic growth, led to crowding out of investment in services connected to final consumption (retail trade, hotels and restaurants, personal services). Organization of central planning and abolishing of private ownership of productive assets resulted in underdevelopment in wholesale trade, financial and business services. For instance, the state-owned banking system and central planning of investment decisions resulted in only 1 percent of employment allocated to banking and insurance (Bićanić and Škreb, 1991) .
Transition from the centrally-planned to market-based economic system required a larger and better developed services sector, which has been growing quite impressively. Figure 1 reports the dynamics of the services sector and financial and business sub-sector as a share of GDP of Ukraine in 1991-2009. By 2007, the share of services in the Ukrainian GDP had reached 42 percent. Still, the share was well below the average for the middle income countries, which was equal to 60 percent in 2007 (Francois and Hoekman, 2010) and much lower than the average for the EU countries, which had reached 65.5 percent in 2007
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The whole period could be split into two sub-periods. Ukraine had entered its independence in 1991 with a share of services to GDP of 20.5 percent, with only 5.5 percent attributed to financial and business services. In the first decade since independence, the services sector grew primarily due to expansion of telecommunication, retail and wholesale The legislative effort leveled the playing field for local and foreign services providers, improved market access, and made laws and regulations more transparent. The progress to a large extent was exogenously imposed on the Ukrainian government by external economic agents as a prerequisite to the WTO accession. There was no similar progress in equally important infrastructure, utilities, and transport, hotels and restaurants sub-sectors, for which no demand for improved market access had been made. A noticeable exception that illustrates the rule was the process of harmonization of rail transportation tariffs that began In parallel with the services liberalization, the WTO negotiations also led to further liberalization of trade in goods. As mentioned earlier, it could have created a problem of disentangling the effects of services liberalization on productivity from the effect of trade liberalization, which is positively linked to an increase in productivity in the literature (Pavcnik, 2002; Amiti and Konings, 2007; Khandelwal and Topalova, 2011) What factors correlate with productivity of services firms? Table 1 reports labor productivity "premia" for services sector firms depending on size, ownership, exporter status, sub-sector, 5 Foreign-owned services providers are defined as firms with at least 10 percent of foreign ownership.
and year. The table reports the point estimates of the coefficients of the following regression
where Y it is value added of services sector firm i in year t deflated by the sub-sector specific price deflator, L it is the firm's employment, F DIshare it is the share of the equity owned by foreigners, Exporter it is the dummy variable taking one if the firm exports and zero otherwise, and D j , D t , and D r are sub-sector, time, and region fixed effects. The regression is estimated by ordinary least squares; significance levels are reported based on robust standard errors.
Large services sector firms with foreign ownership and export activities have the highest labor productivity. Elasticity of labor productivity with respect to size is 0.11. Firms with 10 percent higher foreign ownership are also 9.2 percent more productive. Exporting services firms have 206 percent higher value added per worker. There is substantial heterogeneity of services firms across sub-sectors. For instance, post and telecommunications are three times more productive, while air transport is 77 percent more productive than the electricity, gas, and steam sub-sector.
The evidence on opening up of services to foreign competition and on improvement in performance of services providers supports our claim about substantial regulatory changes in the Ukrainian services sector and give us a source of variation in the services sector to analyze the impact of the deregulation on performance of manufacturing firms. The rest of the paper analyzes this question in more detail. 
Sample
The data for the study come from several statistical statements annually submitted to the National Statistics Office (Derzhkomstat) by all commercial firms in the country. The data are restricted and not available for public use. The sample covers seven years from 2001 to 2007. The total number of firms in the data set exceeds 400,000 per year and covers all sectors except budgetary organizations (public schools, public hospitals, museums, etc.) and banks. We start with the sample of manufacturing firms (NACE Section "D") which never switched to another sector over the period of study. Since the Sectoral Expenditures Statement, required to construct the firm-specific service liberalization index, is submitted by only relatively large firms, our sample is restricted to the firms with more than 150 employees on average. We further excluded observations with zero or negative output, capital stock or employment assuming that they indicated non-operational firms in a year. Based on the files accompanying the Enterprise Performance Statement and the Balance Sheet Statement, we have created a comprehensive profile for every firm which includes the industry (KVED/NACE) and territory codes, as well as exporting status in every year which were used as controls. The industry codes were used to assign manufacturing firms into one of eleven sub-industries. In every sub-industry, we cut off the top 1 percentile of the sample (measured by employment, capital and output) to exclude outliers.
As the measure of output, we used net sales after excise taxes from the Financial Results Statement. The Balance Sheet Statement is the source of the capital measure for which we used the end-of-year value of the tangible assets. For the production function estimation we used investments in tangible assets which come from the Enterprise Performance Statement.
The same statement is also a source for our employment variable. It is measured as the "yearaveraged number of enlisted employees", which is a rough estimate of the full time equivalent Table   2 .
Methodology
Following an insight from Rajan and Zingales (1998) , who use variation in industries' financial dependency and countries' financial development to investigate the effect of financial liberalization on economic growth, several recent papers adopted this idea to investigate effects of trade (Amiti and Konings, 2007; Pavcnik, 2002; Khandelwal and Topalova, 2011) (Arnold et al., 2011; Fernandes and Paunov, 2011 ) liberalization on productivity.
We follow a similar identification strategy. The strategy relies on the assumption that manufacturing firms that use services more intensively gain more from services liberalization. For each period t, we construct a firm-specific index of services liberalization by interacting a subsector-specific index of services liberalization with firm-and sub-sector-specific intensity of services use. We further look at the within firm variation in TFP and relate it to the changes in the firm-specific index of services liberalization. To recover the TFP measure, we estimate the production function for each manufacturing industry (1-digit NACE classification) by the Olley-Pakes procedure (Olley and Pakes, 1996) , controlling for sub-industry-specific demand and price shocks as suggested by De Loecker (2011). We identify demand and price shocks by exploiting variation in sub-industry (4-digit NACE classification) output at time t and by controlling for sub-industry and time fixed effects. Under the constant elasticity of substitution (CES) demand system, unobserved prices are picked up by the variation in inputs and by aggregate demand and do not reflect differences in technology within an industry.
If this assumption fails, we still are able to estimate the impact of services liberalization on productivity because our identification strategy relies on within firm variation in services intensity and time invariant differences in technology are not important.
Technology and market structure
Consider a production technology of a single-product firm i at time t described by a production function
where Y it units of real output are produced using L it units of labor, K it units of capital, deflated by producer-price deflator, and M it units of material and services inputs. Since we have a breakdown of inputs by sector, each component of M it is deflated by the corresponding sector-specific price deflator.ω it is firm-specific productivity, unobservable by an econometrician, but known to the firm before it chooses variable inputs.ũ it is idiosyncratic shock to production that also captures measurement error. Y it is not observable, because
we do not observe firm-specific prices, p it , but sales, R it = p it Y it , are known. Use of R it as the dependent variable in estimation of production function parameters, without controlling for prices, determined among other things by market structure and demand shocks, would bias estimates of the production function if prices are correlated with inputs. Even more importantly, generating productivity estimates containing demand variation introduces a relationship between services liberalization and measured productivity through the impact of the liberalization on prices and demand.
To separate the direct effect of services liberalization on productivity from the indirect effect on demand, we introduce a constant elasticity of substitution demand system
where Y st is total expenditures on goods produced by manufacturing industry s, in which firm i operates. P st is industry-wide price at time t.ξ it is demand shock which is not observed by the firm when it chooses variable inputs in production. Assuming monopolistic competition, this demand structure implies a constant mark-up price-setting rule, which depends on the industry-specific elasticity of substitution σ s . It further implies the following expression for the revenue function
Substituting (2) into (4) and taking logs yields
where r it = ln(R it /P st ) is log of revenue deflated by corresponding industry price deflator, and other lower-case letters represent upper-case variables in the log form.
where f = {l, k, m}. The elasticity of substitution in industry s can be retrieved from
σsξ it , and u it = σs+1 σsũ it are error terms.
Estimation of production function
We estimate
separately, for each industry s, keeping in mind our ultimate goal of measuring TFP net of price and demand shocks. In what follows we suppress index s for clarity of presentation.
Instead of using overall output of industry s we use more disaggregated sub-industry g output, y gt , to add more variability to estimation of σ s . It is valid since we assume that the elasticity of substitution is constant within the industry.
We decompose the overall demand shock into the following components
where ξ t is industry-specific shock common to all firms at time t, ξ g is demand factor affecting only firms producing in sub-industry g, andξ it is an idiosyncratic shock. Plugging in (7) in (6), we have
where D t = ξ t is a shock common to all firms in the industry at time t and D g is a dummy
variable that takes the value of one if a firm i operates in sub-industry g and zero otherwise.
ε it =ξ it + u it is the error term which is not correlated with inputs and productivity.
We estimate (8) by the Olley-Pakes methodology, which is described in the appendix.
The point estimates of the coefficients of the production function are presented in Table 3 .
Total factor productivity net of price and demand effects is recovered as
We do not factor out sub-industry and time effects because we control for those effects in the second stage of the estimation described in the next subsection.
Main results
Impact of services liberalization on TFP of manufacturing firms
The estimated T F P is further regressed on the index of services liberalization that is firmspecific, reflecting the variation in firm-level intensity of usage of various services inputs.
Following Arnold et al. (2011) , the index is computed according to the following formula
where serv lib it is the firm-specific index of services liberalization, a ijt is the share of input sourced from the services sub-sector j in the total input for a firm i at time t, and index jt is the EBRD measure of liberalization in the service sub-sector j at time t. Mapping from the EBRD indices to services sub-sectors is described in the appendix.
The constructed index of services liberalization takes into account liberalization of services Table 3 : Estimation of production function by Olley-Pakes procedure sub-sectors and weights more heavily services sub-sectors used by the firm i more intensively.
The assumption here is that the liberalization of the sub-sector used by the firm more intensively is more important and has a larger impact on the firm's performance. We control for export status of the firm by including an indicator variable that takes the value of 1 if the firm i has exported at time t. We also control for industry-time specific fixed effect to take into account unobservable industry characteristics such as market structure, cost and demand shocks, and technological changes. Finally, we include firm-specific fixed effects to control for unobservable managerial abilities and other firm-specific characteristics that can be correlated with intensity of services use and productivity. The estimated regression takes the following parametric form ln(T F P it ) = α + serv lib it β + exporter it γ (11)
where T F P it is firm i s level of total factor productivity at time t, exporter it is the dummy variable that takes the value of one if firm i exported in year t and zero otherwise, D i are firm-specific fixed effects, and D st are industry-time specific fixed effects capturing the market structure of industry s, and industry-specific macroeconomic shocks at time t.
Results are presented in panel A of Table 4 in columns (1) -(3). In column (1), the ln(T F P ) estimated by the Olley-Pakes method is regressed on the index of services liberalization, controlling for firm and industry-time fixed effects. Hence, we estimate within firm effect of liberalization on productivity, removing any impact of current market structure and demand shocks within the industry. The coefficient of the services liberalization is positive and significant. Increase in the index of services liberalization by a standard deviation is associated with 9 percent increase in productivity. In column (2), we add the export status of the firm to capture the fact that exporters are both more productive (see, for example, Bernard et al., 2003) and use services more intensively in order to coordinate their overseas Each estimation is performed with industry-time cross-effects and firms' fixed effects, which are not reported for brevity. Francois and Hoekman, 2010) . We find that exporters additionally gain in TFP due to services liberalization, but the effect is not significant.
Alternative measure of services liberalization
The EBRD measure of services liberalization can be criticized for being subjective, because the indices are based on experts' judgment. To check whether the subjectivity drives the result, we introduce an alternative measure of services sub-sector liberalization based on the share of employment of services providers with foreign ownership in total employment in the sub-sector 6 . This measure is outcome-based and it proxies the degree of openness of services sub-sectors to foreign competition. The FDI based index of services liberalization is computed as
where serv lib(F DI) it is the firm-specific index of services liberalization, a ijt is the share of input sourced from service sub-sector j in the total input of firm i at time t, and F DIshare jt is the share of labor of majority foreign-owned companies in sub-sector j at time t. The results with the alternative measure of services liberalization are presented in columns (4) - (6) of Table 4 . In terms of the direction and significance of the effect of services liberalization, the results are similar to the results with EBRD indices. A standard deviation increase in the services liberalization measured by foreign presence is associated with an increase in productivity by 5.5 percent. Arnold et al. (2011) find that a standard deviation increase in foreign presence in the services sectors in the Czech republic is associated with a 3.8 percent increase in the productivity of manufacturing firms, which is in line with our findings.
Endogeneity issues
Industries may lobby the government to liberalize services. More productive firms that are larger and better politically connected have a stronger inluence on the government's decision which services sub-sectors to liberalize. Hence, the positive link between services liberalization and productivity may be due to reverse causality. To adress the concern, we instrument index jt and F DIshare jt by the log of the sub-sector specific outward services 
Sub-sample results
We further test the robustness of our results by looking at sub-samples of data along the time, ownership and size dimensions. The results are presented in Table 5 . Each estimation is performed with year dummies, industry-time cross-effects, and firm fixed effects, which are not reported for brevity. Column (1) (5) is estimated for firms with employment below 50 workers. Column (6) is estimated for firms with employment 50 workers and above of integration into the EU structures. However, the legislative effort has been stalled due to less effective coordination between the branches of government.
The results of the baseline regression for the two sub-periods, presented in columns (1) and (2) of the table, indicate that the effect of services liberalization on productivity was positive and significant in both sub-periods, ruling out the possibility that our main result was driven by the shift in the political environment. We also can not reject the test that the point estimates for the services liberalization were different in the two sub-periods.
Ownership type
We further split the sample into domestic-and foreign-owned firms, defining the foreign ownership threshold at 10 percent . Since the foreign-owned firms often have better access to services from the international services providers, we expect that the services liberalization should have a smaller impact on them. The results are presented in columns (3) and (4) of the table. Indeed, only the coefficient of services liberalization for the domestic sub-sample is significant. However, it should be noted that the coefficient for the foreign sub-sample is still positive and large in size. The loss in significance might be driven by a considerably smaller sample size of the foreign-owned firms.
Firm size
Finally, we split the sample into small and large firms, defining a small firm as a firm that employs less than 50 workers. We expect the small firms gain more from the services liberalization because larger firms can produce some services internally (i.e. having a transportation or auditing departments), while small firms rely on external services providers more heavily.
The results, presented in columns (5) and (6) of the table, indicate that the effect of the services liberalization on the small firms is about 50 percent larger. The result has an important policy implication that improved services encourage development of small and medium enterprises. A caveat to this conclusion is that small manufacturing firms are under-represented in our sample, because a considerable number of small manufacturing firms do not report their use of services and are excluded from the sample.
Robustness checks
One-stage method with exit depending on TFP The literature, while giving advantage to the two-stage procedure of estimating the impact of policy change on TFP (Pavcnik, 2002; Amiti and Konings, 2007; Arnold et al., 2011) , also utilizes a one-step approach (Fernandes and Paunov, 2008; Javorcik, 2004) . As pointed out by De Loecker (2011), the standard two-stage procedure of estimating the impact of liberalization on productivity implicitly assumes that services liberalization does not impact prices and variable inputs in production, is not related to returns to scale. Even more importantly, this approach does not allow liberalization to dynamically impact the evolution of productivity, which is crucial for the exit decision by the firm. However, the findings presented in the previous subsections directly contradict these assumptions. In particular, increase in contemporaneous TFP due to services liberalization induces higher capital accumulation due to expectation of even higher TFP in the future. It also has an effect on the exit decision.
To investigate how our results change if we allow services liberalization to interact with variable inputs, investment, and exit, we implement a one-stage procedure that simultaneously estimates parameters of the production function and the effect of services liberalization on productivity. We introduce two possible channels of influence of liberalization on TFP and exit. One of the channels comes from overall trade liberalization either due to selection process (Melitz, 2003) or due to learning by exporting (De Loecker, 2007; Amiti and Konings, 2007) . We control for this effect by including the export status as one of the variables that influences TFP either directly in the production function or indirectly through the selection process. The second channel, the one we are focused on, is from services liberalization to productivity. We modify the model by changing the productivity process to depend on export status and services liberalization ω it = h t (k it , i it , export it , servlib it ). This creates two effects: a contemporaneous effect on current level of productivity and the dynamic effect on future productivity due to current investment decisions. While we capture the first effect in the two-stage procedure, the dynamic effect is ignored. The results of the one-stage estimation by manufacturing industries is presented in panel B of Table 6 and compared with the results of the two-stage procedure by industries, presented in panel A of the table. In general, the one-stage procedure estimations of the effect of services liberalization are higher relative to the two-stage, which is an indication of the dynamic interaction of services and export liberalization with productivity and choice of variable inputs. At the same time, the one-stage procedure suffers from the fact that the services liberalization indicator is an endogenous variable because it depends on the choice of services inputs. Therefore, these results should be taken with care.
Industry level results and firm dynamics with exit depending on productivity
We expect that the effect of services liberalization on industry level productivity should be greater then the within effect on firm level productivity. Additional channels of increase in industry productivity work through exit of low productive firms and reallocation of capital, labor, and materials towards more productive firms, which expand their output and boost industry level productivity.
The services sector liberalization, which according to our results increases productivity of firms that use services more intensively, shifts the TFP distribution within an industry to the right. The size of the shift varies across firms -heavy services users gain moreand is exogenous to the firm. Analyzing the effect of the shift of productivity on exit and entry of firms and distribution of firms within the industry in the framework of the Melitz productivity within the industry, which exceeds the effect for a particular firm in the industry, and to higher dispersion of output, revenues, and profits.
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The industry productivity is defined as output-weighted average TFP of firms operating in the industry. The measure of TFP is taken from the baseline estimation of the production function presented in Table 3 . Industry level regressions, presented in Table 7 , confirm our conjecture of large and positive impact of services liberalization on within industry productivity. Results are presented for industry-level aggregation in column (1), NACE 2 digit aggregation in column (2), and NACE 3 digit aggregation in column (3).
Finally, we estimate the effect of productivity, capital, and liberalization on probability of exit. We expect that services liberalization should encourage exit of low productive firms. We 9 The analysis is almost identical to the analysis of trade liberalization presented by Melitz. The important difference is that Melitz assumes that the distribution of productivity is constant over time, while we consider the case when the distribution shifts exogenously. Table 8 : Exit split the sample of firms according to their productivity into quartiles and report estimates of probit for firms in the first productivity quartile (low productive firms) and the fourth productivity quartile (high productive firms) in Table 8 . Indeed, low productive firms are more likely to exit, when the services sector liberalizes. All other variables influence the probability of exit in the expected direction. More productive firms and firms with more capital are less likely to exit. Exporters are less likely to exit.
Alternative methods
There is inherent difficulty of and methodological debates on estimating the production function (Ackerberg et al., 2005; Van Biesebroeck, 2007) , which is the crucial element of our empirical procedure. We try several alternative methods of estimation of the production function to reassure the robustness of our results, presented in Levinsohn-Petrin (Levinsohn and Petrin, 2003) procedure, which treats the selection of materials to infer unobserved productivity, is presented in column (4). It also estimates the effect of services liberalization to be higher relative to the twostage method. As results of OLS with firm fixed effects in column (5) and the estimate in first differences in column (6) demonstrate, the much higher estimates of the effect by the one-stage OP and LP methods are not due to the inherent differences between the oneand two-stage methods, but due to the dynamic effects of services liberalization on exit and entrance of firms through the effect on future productivity. Finally, column (7) presents the Blundell-Bond estimate of the services liberalization effect (Blundell and Bond, 2000) , which is smaller but still positive and significant. Notes: * p<0.05, ** p<0.01, *** p<0.001. Table reports point estimates of regression of ln(T F P ) (column (2)) or ln(Sales) (columns (3)-(7)) on services liberalization and export status, as well as revenue function parameters for Ukrainian manufacturing firms for [2001] [2002] [2003] [2004] [2005] [2006] [2007] . Production function in all models is estimated for all manufacturing industries pooled in one regression.
Columns (1) and (2) are estimated by Olley-Pakes two-stage procedure. Column (3) is estimated by Olley-Pakes one-stage procedure. Column (4) is estimated by Levinsohn-Petrin procedure. Column (5) is estimated by OLS with firm fixed effects.
Column (6) is estimated by OLS in first differences. Column (7) is estimated by Blundell-Bond. Standard errors, reported in parentheses, are either bootstrapped for OP and LP methods, or robust for all other methods. 
Conclusions
This paper finds that liberalization of services has a positive effect on productivity of manufacturing firms. We consider an episode of a limited liberalization in Ukraine, which primarily targeted the services sector as a prerequisite to the WTO accession. These particular features of the episode allow to separate the effect of services liberalization from the effects of other reforms and to reduce concerns on the endogeneity of the reform. We pay particular attention to unbiased estimation of TFP by employing the Olley-Pakes methodology of estimation of the production function with important innovations laid out in De Loecker (2011) . In addition, we compare one-and two-stage methods of estimation of the effect of liberalization and find that the two-stage procedure biases the effect of policy downwards by failing to account for the effect of the policy on exit and on the variable inputs mix.
According to more conservative results from the two-stage estimation procedure, a standard deviation increase in the services liberalization boosts the productivity by 9 percent.
An alternative measure of the services liberalization, based on FDI penetration in the services sector, indicates that a standard deviation increase in the FDI based index is associated with a 5.5 percent increase in productivity. The size of the effect is higher than in other studies (Arnold et al., 2011; Fernandes and Paunov, 2011) , probably reflecting the fact that the initial conditions in the services sector in Ukraine were much worse than in the Czech Republic or Chile. The effect is stronger for domestic firms and for small firms, which gives policymakers a nice tool to support and develop small and medium size domestic enterprises.
Another important finding is much stronger estimates of the effect by the one-stage method. It shows that the services liberalization has an important effect on exit decision and on dynamics of TFP through its impact on investment decisions. This conclusion is supported by the fact that the effect of services liberalization is stronger at the industry level and the exit decision of low productive firms strongly depends on our measure of services liberalization. However, the one-stage method introduces the endogeneity problem which is not resolved in this paper. We leave this task for future research.
Assuming (13) is strictly increasing in ω it , we invert it to generate
Substituting (14) into (8) yields
where
Clearly, β k can not be identified from (15), but β l and β m are identified, using a thirdorder polynomial approximation of g(k it , i it ). The capital coefficient is further identified from E[r it |I t , χ it = 1] = β l l it + β k k it + β m m it + βy gt + δ t D t + δ g D g + ψ(Π it , ω it−1 ) or r it = E[r it |I t , χ it = 1] + e it .
where we preliminary estimate the survival probability, χ it = 1, given by P r{χ it = 1|ω it (k it ), I it−1 } = ϕ(k it−1 , i it−1 ) = Π it and approximate ψ(Π it , ω it−1 ), using predicted probability of survival Π it and a third degree linear approximation of ω it−1 = h t−1 (k it−1 , i it−1 ). 
IV first stage
We regress our services sub-sector specific indicators of liberalization index jt and F DIshare jt on the log of services sub-sector specific ourward FDI from the EU towards the rest of the world, ln(F DI jt ). The results are presented in Table 10 .
We further construct serv lib it = j a ijt ·index jt and serv lib(F DI) it = j a ijt ·F DIshare jt , where index jt and F DIshare jt are linear predictions taken from the first stage regressions.
Mapping EBRD indices to services sub-sectors
We have constructed two indices of services liberalization: one that includes utilities and retail trade and another that does not. All results in the paper are reported for the index that includes transportation, telecom, financial services, and business services. The results for the index that includes utilities are very similar.
Index with utilities and retail trade
For eight services sub-sectors -Electricity, Gas, Water and water waste, Retail trade and repair, Transport, Telecom, Finance, and Other business-related services (hotels and restaurants, real estate, rent, informatization, R&D, agencies) -we map the sub-sector with EBRD indices of reforms as follows:
E: Electricity -(electric)
